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Disclosure to Promote the Right To Information 

Whereas the Parliament of India has set out to provide a practical regime of right to 
information for citizens to secure access to information under the control of public authorities, 
in order to promote transparency and accountability in the working of every public authority, 
and whereas the attached publication of the Bureau of Indian Standards is of particular interest 
to the public, particularly disadvantaged communities and those engaged in the pursuit of 
education and knowledge, the attached public safety standard is made available to promote the 
timely dissemination of this information in an accurate manner to the public. 
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Step Out From the Old to the New 



mrjsssss^^w: 




,_A» 




**************** 



BLANK PAGE 



<_<ii££ 





UJ> 



PROTECTED BY COPYRIGHT 



IS 15126: 2002 
ISO 13443: 1996 

111$ fa* % — ^^ H^f 3TcfW^ 

Indian Standard 

NATURAL GAS — STANDARD REFERENCE 

CONDITIONS 



ICS 75.060 



© BIS 2002 

BUREAU OF INDIAN STANDARDS 

MANAK BHAVAN, 9 BAHADUR SHAH ZAFAR MARG 
NEW DELHI 110002 

April 2002 Price Group 6 



Natural Gas Sectional Committee, PCD 24 



NATIONAL FOREWORD 

This Indian Standard which is identical with ISO 13443 : 1996 'Natural gas — Standard reference 
conditions' issued by the International Organization for Standardization (ISO) was adopted by the 
Bureau of Indian Standards on the recommendation of the Natural Gas Sectional Committee and 
approval of the Petroleum, Coal and Related Products Division Council. 

The text of ISO Standard has been proposed to be approved as suitable for publication as Indian 
Standard without deviations. Certain conventions are, however, not identical to those used in Indian 
Standards. Attention is particularly drawn to the following: 

a) Wherever the words 'International Standard' appear referring to this standard, they should 
be read as 'Indian Standard'. 

b) Comma (,) has been used as a decimal marker while in Indian Standards, the current 
practice is to use a point (.) as the decimal marker. 

In this adopted standard, reference appears to one International Standard for which Indian Standard 
also exists. The corresponding Indian Standard, which is to be substituted in its place, is listed below 
along with its degree of equivalence for the edition indicated: 

International Corresponding Degree of 

Standard Indian Standard Equivalence 

ISO 6976:1995 Natural gas — IS 14504:1997 Natural gas — Identical 

Calculation of calorific values, density, Calculation of calorific values, 

relative density and Wobbe index density, relative density and Wobbe 

from composition index from composition 

In reporting the results of a test or analysis made in accordance with this standard, if the final value, 
observed or calculated, is to be rounded off, it shall be done in accordance with IS 2 : 1 960 'Rules for 
rounding off numerical values (revised)'. 
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Indian Standard 

NATURAL GAS — STANDARD REFERENCE 

CONDITIONS 



1 Scope 

This International Standard specifies the standard reference conditions of temperature, pressure and humidity to be 
used for measurements and calculations carried out on natural gases, natural-gas substitutes and similar fluids. 

The primary application is expected to be in international custody transfer, where the reduction to a common basis 
of those physical attributes of a gas which describe both its quality and quantity will simplify the practice of world 
trade and commerce. 



2 Normative reference 

The following standard contains provisions which, through reference in this text, constitute provisions of this 
International Standard. At the time of publication, the edition indicated was valid. All standards are subject to 
revision, and parties to agreements based on this International Standard are encouraged to investigate the 
possibility of applying the most recent edition of the standard indicated below. Members of IEC and ISO maintain 
registers of currently valid International Standards. 

ISO 6976:1995, Natural gas — Calculation of calorific values, density, relative density and Wobbe index from 
composition. 



3 Standard reference conditions 

The standard reference (or base) conditions of temperature, pressure and humidity (state of saturation) to be used 
for measurements and calculations carried out on natural gases, natural-gas substitutes and similar fluids in the 
gaseous state are 288,15 K and 101,325 kPa for the real dry gas. 

The physical properties to which these ISO standard reference conditions apply include volume, density, relative 
density, compression factor, superior calorific value, inferior calorific value and Wobbe index. Full definitions of 
these quantities are given in ISO 6976:1995. In the cases of calorific value and Wobbe index, both the volume of 
gas burned and the energy released by combustion shall relate to the ISO standard reference conditions. 

It is recognized, however, that in certain circumstances it may be impracticable or even unallowable to use the 
ISO standard reference conditions. For example, national legislation or contractual obligations may demand the use 
of alternative reference conditions. For this reason, annex A provides factors for conversion between several sets 
of metric reference conditions which are known to be in regular use, and annex B gives equations which enable 
values of properties (relating to any other known reference conditions) to be converted to values for the ISO 
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standard reference conditions. Annex D gives some example calculations. Annex E gives the metric reference 
conditions which, at present time, are believed to be those in most common usage in the countries listed. 

NOTES 

1 Among other considerations, the ISO standard reference conditions have been chosen to conform with those standardized 
in ISO 502411] f or use | n the measurement of petroleum liquids and gases. 

2 288,15 K = 15 °C = 59 °F 

1 01 ,325 kPa = 1 ,01 3 25 bar = 1 4,695 9 psia = 1 standard atmosphere (atm) 

3 In ISO 6976:1995, a dry gas is defined as one for which the mole fraction of water vapour is less than 0,000 05, but this 
criterion is unnecessarily restrictive in the context of this International Standard, where a mole fraction of up to 0,001 may be 
allowable. 

4 The conditions 273,15 K, 101,325 kPa and 288,15 K, 101,325 kPa are commonly referred to as "normal" and "(metric) 
standard" conditions, respectively, in gas-measurement practice (see IGU/G-64I-*), IGU/G-73' 5 ) and IGU/G-76 16 '). This usage 
should not be confused with "NTP" (normal temperature and pressure) and "STP" (standard temperature and pressure), both 
of which conventionally refer to the former conditions. The definitions of "normal" and "standard" given in ISO 7504121 conflict 
with the usage given above, and are incorrect. 

5 Good practice requires that the relevant reference conditions are incorporated as part of the symbol (and not the unit) for 
the physical quantity represented wherever ambiguity is possible. For example: 

— useZ(273,15 K, 101.325 kPa) or Z{tl°C = 0, p/atm = 1), notZ n , for compression factor at "normal" conditions; 

— use K(273,15K, 101,325 kPa) m 3 for the volume of gas in cubic metres at "normal" conditions, not m n 3 , m 3 (n), nm 3 

or Nm 3 , and certainly not simply m 3 ; 

— use V[tl°C = 15, p/kPa= 101,325) m 3 for the volume of gas in cubic metres at "standard" conditions, not m 3 (st), sm 3 

or m s 3 . 

Abbreviated versions such as Z(0), V(0)/m 3 and K(15)/m 3 , respectively, are acceptable when no misinterpretation is 
possible, in the latter case, V(ISO)/m 3 is probably the best designation. 
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Annex A 

(normative) 

Factors for conversion between reference conditions 



To obtain the value of a property at the reference condition given in row [b] of table A.1 from a known value in the 
same units at the reference condition in row [a], multiply by the factor indicated. To carry out the reverse 
conversion, divide by the factor indicated. 

Conversions for properties of the ideal gas are expected to be accurate to within -0,01 % for all natural gases. For 
the real-gas volumetric properties (volume per unit amount, density, relative density, compression factor), the 
expected accuracy is -0,02 %, and for the real-gas combustion properties (calorific values, Wobbe index) -0,05 %. 

Conversion factors for non-metric (e.g. Imperial) reference conditions are not provided, as the continued use of 
these — particularly in international trade — is discouraged. Most non-metric reference conditions use a 
temperature base of 60 °F, but several distinct pressure bases have been invoked. Annex B provides equations 
which will allow the conversion of property values from reference conditions not shown in table A.1 to equivalent 
values for the ISO standard reference conditions. 

In table A.1, the pressure base for both combustion and volumetric metering is always 101,325 kPa and the gas is 
taken to be dry. 
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Table A.1 — Factors for conversion between reference conditions 

Metering / 2 /°C 

20 20 15 

to to to 

15 00 00 







Combustion ;,/°C 






25 


25 


25 


20 


20 


15 


to 


to 


to 


to 


to 


to 


20 


15 


00 


15 


00 


00 



1 Ideal volume 0,982 9 

2 Ideal density 1,017 4 

3 Ideal relative density 1,000 

4 Compression factor 0,999 9 

5 Real volume 0,982 8 

6 Real density 1,017 5 

7 Real relative density 1,000 1 



0,931 8 


0,947 9 


1,073 2 


1 ,054 9 


1,000 


1,000 


0,999 5 


0,999 6 


0,931 3 


0,947 6 


1,073 8 


1,055 3 


1 .000 3 


1 ,000 2 



8 Molar-basis ideal superior calorific value 1,000 5 

9 Molar-basis ideal inferior calorific value 1,000 1 

10 Mass-basis ideal superior calorific value 1,000 5 

1 1 Mass-basis ideal inferior calorific value 1 ,000 1 

12 Molar-basis real superior calorific value 1,000 5 

13 Molar-basis real inferior calorific value 1,000 1 

14 Mass-basis real superior calorific value 1,000 5 

15 Mass-basis real inferior calorific value 1,000 1 



1,001 


1,002 6 


1,000 5 


1,002 1 


1,001 6 


1,000 1 


1,000 3 


1,000 


1 ,000 2 


1,000 2 


1,001 


1,002 6 


1,000 5 


1,002 1 


1,001 6 


1,000 1 


1,000 3 


1,000 


1,000 2 


1 ,000 2 


1,001 


1,002 6 


1,000 5 


1.002 1 


1,001 6 


1,000 1 


1,000 3 


1,000 


1.000 2 


1 ,000 2 


1,001 


1,002 6 


1,000 5 


1,002 1 


1,001 6 


1,000 1 


1,000 3 


1,000 


1 ,000 2 


1 ,000 2 
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Combustion ^/"C : Metering r 2 /°C 

25:20 25:20 25:20 25:00 25:00 15:15 

to to to to to to 

25:00 15:15 00:00 15:15 00:00 00:00 



1 6 Volume-basis ideal superior calorific value 

1 7 Volume-basis ideal inferior calorific value 

18 Ideal Wobbe index 

1 9 Volume-basis real superior calorific value 

20 Volume-basis real inferior calorific value 

21 Real Wobbe index 



1.073 2 


1,018 4 


1 ,076 


0,948 9 


1,002 6 


1,056 6 


1,073 2 


1,017 5 


1,073 5 


0,948 1 


1,000 3 


1,055 1 


1,073 2 


1,0184 


1,076 


0,948 9 


1,002 6 


1,056 6 


1,073 8 


1,018 5 


1,076 6 


0,948 6 


1,002 6 


1,057 


1,073 8 


1,0176 


1,074 1 


0,947 7 


1,000 3 


1,055 5 


1,073 6 


1,018 5 


1,076 4 


0,948 7 


1,002 6 


1,056 9 
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Annex B 

(informative) 

Equations for conversion between reference conditions 



Equations B.1 to B. 21. allow the conversion of values of the properties listed from reference conditions T]/K, T 2 /K, 
Pi/kPa and p 2 /kPa to the equivalent values in the same units of measurement at the ISO standard reference 
conditions. The equations given are valid for the ranges: 270 < 7/K < 300 and 95 </VkPa < 105. 

The equations given use simple linear functions of temperature and pressure. These have been derived by 
approximating {dZ/dp) T , (dZ/dT) p , (dZ air /3D p , l/H^(dH^/dT) and l/H°(dH°/dT) as constants, the respective 
values being determined by trial calculations for a wide range of natural gases. The values used are 

(dZ/dp) T = - 0,000 020/kPa 

@ZfiT)p= + 0.000 025/K 
OZ a ir/37)p= +0,000 01 1/K 
1 / Hg(dHg/dT) = - 0,000 1 0/K 
l/tf,°077| O /3r) = - 0,000 01/K 

The values of dHg/dp and dH°Jdp are taken to be zero. 

Despite the simplicity of these approximations, it is expected that the accuracy of conversion will usually still be 
within the limits quoted in annex A. The equations may net be used to increase the number of digits given in the 
conversion factors given in annex A. 

Note that if the reference conditions for the source data are not given in K and kPa (for example in °C or °F, 
and in atm, mbar, psia or psig, respectively) then these must be converted appropriately before the equations may 
be applied (see BS 350:Part 1:1974131). 

Ideal volume V° 

V°(ISO) = V° (T 2 ,p 2 )x 288,1 5 p 2 H 01, 325 T 2 ...(B.1) 

Ideal density p° 

p°(ISO) = p°(72,p 2 )x 101, 325 72/288,1 5 />2 ■■• (B.2) 

Ideal relative density d° 

d°{\SO) = d°(T 2 . P2l ■■■ ( B -3) 

Compression factor Z 

Z(ISO) = Z(7 2 ,/> 2 )x[1 +0,000 020(^2- 101,325)1/(1 +0,000 025 (T 2 - 288,15)] ... (B.4) 

Real volume V 

V(ISO) = V(T 2 , pz> x [288,1 5 p 2 /101.325 T 2 \ x [1 + 0,000 020 (p 2 - 101 ,325)1/[1 + 0,000 025 (T 2 - 288,15)] . . . (B.5) 
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Real density p 

p(ISO) = p(72,p 2 )x[101,325T 2 /288,15/> 2 lx[1 + 0,000 025(7 2 - 288,1 5)]/[1 + 0,000 020(p 2 - 101,325)] ... (B.6) 

Real relative density d 

d(ISO) = u(7 , 2 ,P2)x[1 + 0,000 014 (T 2 - 288,1 5)]/[1 + 0,000 020 (p 2 -101,325)] ... (B.7) 

Molar-basis ideal superior calorific value H$ 

/7|(ISO)= HgiT^p^xll +0,000 10(^-288,15)] ... <B.8) 

Molar-basis ideal inferior calorific value H° 

tf, (ISO) = tf,° (Ti.p,) x [1 + 0,000 01 (ri - 288,15)] ... (B.9) 

Mass-basis ideal superior calorific value tff 

ff£(ISO) = //|(T 1ljPl )x[1 +0,000 10 (Ti- 288,1 5)] ... (B.10) 

Mass-basis ideal inferior calorific value Hf 

Hf (ISO) = Hf {Ti.ptfxtf +0,000 01 (7^-288,15)1 ... (B.11) 

Molar-basis real superior calorific value H s 

W s (ISO)= « s (ri. /?i)x[1 +0,000 10 (7-!- 288,15)] ... (B.12) 

Molar-basis real inferior calorific value H t 

Hj (ISO) = H\ (r 1( p!)x[1 +0,000 01 {T, -288,15)] ... (B.13) 

Mass-basis real superior calorific value // s 

H s (ISO)= H s {T hP] )xU + 0,000 10 (7"!- 288,15)] ••■ (B.14) 

Mass-basis real inferior calorific value H } 

//j (ISO) = H, (ri, pi)x [1+000 01(^-288,15)] ••• (B.15) 

Volume-basis ideal superior calorific value //| 

//|<ISO)= Hi (r 1r 72, Pl , /3 2 ) x [1 01 ,325 7-2/288,1 5 p 2 ]x[1 + 0,000 10 (^ - 288,15)] ... (B. 16) 

Volume-basis ideal inferior calorific value Hf 

Hf (ISO)= Hf (7' 1 ,7' 2 ,p l ,p 2 )x[101,325 7 , 2 /288,15p 2 ]x[1 + 0.000 01 ^ -288.15)) ... (B.17) 

Ideal Wobbe index W° 

W°{\SO)= W°(7 1 ,r 2 .pi,P2)x [101,325 7- 2 /288,15p 2 ]x[1 + 0.000 10 (T^ - 288,15)1 ... (B.18) 

Volume-basis real superior calorific value H s 

H s (\SO)= H s (T h T 2 ,p h p 2 )x [101,325 r 2 /288,15p 2 l x (1 + 0,000 10 (7^ - 288,15)] x 

[1 +0,000 025 (r 2 - 288,15)1/(1 +0,000 020 (p 2 - 101. 325)] ... (B.19) 

Volume-basis real inferior calorific value W| 

//,(ISO) = H\ (T h T 2 ,p 1 .p 2 )x['\ 01, 325 T 2 J288,1 5 p 2 ]x[\ +0,000 01 (T } -288,15)] x 

[1 + 0,000 025 (7" 2 - 288, 1 5)]/[ 1 + 0,000 020 (p 2 - 1 01 ,325)] ... (B.20) 

Real Wobbe index W 

W(ISO) = W(r 1 ,7 , 2 ,p 1 ,p 2 )x[101,325r 2 /288,15p 2 ]x(1 +0,000 10(7! -288,15)] x 

{[1 + 0,000 020 (p 2 - 1 01 .325)1/11 + 0,000 036 (T 2 - 288,1 5)]}-V2 . . . (B.21 ) 
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Annex C 

(normative) 

Symbols 



Symbol 

d 

»\ 
"l 
"l 
«S 
«S 
«S 

p 

T 

t 
V 

w 
z 
p 



Subscripts 

1 for the combustion reference condition 

2 for the volumetric or metering reference condition 

Superscript 

o for the ideal-gas state (no superscript indicates the real-gas state) 



Meaning 


SI unit 

(or multiple! 


relative density 


— 


molar-basis inferior calorific value 


kJ moH 


mass-basis inferior calorific value 


MJ kg-i 


volume-basis inferior calorific value 


MJm-3 


molar-basis superior calorific value 


kJ mol-i 


mass-basis superior calorific value 


MJ kg-i 


volume-basis superior calorific value 


MJm-3 


(absolute) pressure 


kPa 


(absolute) temperature 


K 


Celsius temperature = T - 273,15 


°C 


volume 


m3 


Wobbe index 


MJm-3 


compression factor 


— 


density 


kg m-3 
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Annex D 

(informative) 

Example calculations 



The examples given below are all for real dry natural gases consisting preponderantly (greater than about 70 % 
molar) of methane. 

EXAMPLE 1 

What is the compression factor at ISO standard reference conditions of a natural gas which has a compression 
factor of 0,997 1 at a temperature of 273,15 K and a pressure of 101,325 kPa? 

From table A.1, line 4, column 3 (used inversely): 

Z(ISO) = 0,997 1 x (1/0,999 6) = 0,997 5 

The same value (to four significant digits) is obtained from equation (B.4). 

EXAMPLE 2 

What is the volume occupied at ISO standard reference conditions of a natural gas which occupies 1 000 m 3 
at normal conditions? 

The term "normal conditions" is taken to mean 273,15 K (0 °C) at 101,325 kPa. 

From table A.1 , line 5, column 3 (used inversely): 

V(ISO) = 1 000 x (1/0,947 6) = 1 055,3 m3 

The same value (to five significant digits) is obtained from equation (B.5). 

EXAMPLE 3 

What is the mass-basis superior calorific value at ISO standard reference conditions of a natural gas determined as 
having a calorific value of 54,21 MJ-kg- 1 at 25 °C and a pressure of 100 kPa? 

Molar-basis and mass-basis calorific values are taken to be independent of pressure p-\ within the pressure range 
given in annex B (which covers the range of normal atmospheric variation); the pressure assignment is therefore 
irrelevant in this case. 

From table A. 1 , line 1 4, column 2" 

# s (ISO) = 54,21 x 1,001 = 54,26 MJ-kg-i 

The same value (exactly) is obtained from equation (B.14). 
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EXAMPLE 4 



What is the volume-basis superior calorific value at ISO standard reference conditions of a natural gas determined 
as having a calorific value of 38,57 MJ-nrt-3 at 60 "F and 101,560 kPa? 

This example cannot be solved using table A.1 because that table is only valid for a pressure of 101,325 kPa and 
does not include the Fahrenheit temperature quoted. 

First convert 60 °F to the kelvin scale: 

60 °F = [(60 - 32) x 5/9] + 273,15 = 288,706 K 

Then, from equation (B.19): 

tff (ISO) = (38,57x1 01, 325 x 288, 706 x[1 + 0,000 10(288,706 - 288,15)] x 
[1 + 0,000 025(288,706 - 288, 1 5)]}/{288, 1 5 x 1 01 ,560 x 
[1 +0,000 020(101,560-101,325)]) 

= 38,56 MJ'm-3 to four significant digits. 

EXAMPLE 5 

What is the volume-basis inferior calorific value at ISO standard reference conditions of a natural gas determined as 
having a calorific value of 37,35 MJ-m~ 3 when the volume of gas burned is measured at °C, combustion takes 
place at 25 °C and the reference pressure in both cases is one standard atmosphere? 

The term "one standard atmosphere" is taken to mean 101,325 kPa. 

From table A.1, line 20, column 4: 

H, (ISO) = 37,35 x 0,947 7 = 35,40 MJm-3 

The same value (to four significant digits) is obtained from equation (B.20). 
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Annex E 

(informative) 

National usage of reference conditions 



For those countries where the use of non-metric (e.g. Imperial) measurement units and reference conditions are 
still in use alongside metric units and reference conditions, only the metric reference conditions are listed. 

In table E.1 below: 

?i/°C = combustion reference temperature 

/2/°C ~ volumetric or metering reference temperature 
The reference pressure is 101,325 kPa in all cases. 



Table E.1 — National usage of reference conditions 

fi/°C t 2 /°C 



fi/°C 



f 2 /°C 



Argentina 




15 


Indonesia 







Australia 


15 


15 


Iran 




15 


Austria 


25 





Ireland 


15 


15 


Belgium 


25 





Italy 


25 





Brazil 







Japan 








Canada 


15 


15 


Netherlands 


25 





China 


20 


20 


New Zealand 




15 


Czechoslovakia 


25 


20 and 


Norway 




15 


Denmark 


25 





Pakistan 




15 


Egypt 




15 


Romania 


25 


15and0 


Finland 




15 


Russia 


25 


20 and 


France 








Spain 








Germany 


25 





Sweden 







Hong Kong 




15 


United Kingdom 


15 


15 


Hungary 







USA 


15 


15 


India 







Yugoslavia 









10 
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Annex F 

(informative) 
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Bureau of Indian Standards 

BIS is a statutory institution established under the Bureau of Indian Standards Act, 1986 to promote 
harmonious development of the activities of standardization, marking and quality certification of goods 
and attending to connected matters in the country. 
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Users of Indian Standards should ascertain that they are in possession of the latest amendments or 
edition by referring to the latest issue of 'BIS Catalogue' and 'Standards: Monthly Additions'. 

This Indian Standard has been developed from Doc : No. PCD 24 (1858). 
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